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detection of films of elemental carbon in the Hi-Nicalon™/BN/SrC 
composite and its deleterious effect on oxidative durabrl.ty ^ tave exanmed 
other SiC/BN/SiC systems. The problem is pervasive, and significant residues ot 
free carbon are confirmed in Sylramic™/BN/SiC materials. Effi 
for routine detection and characterization of adventitious carbon in SiC/BN/S,C 

composites are discussed. 

SCBNScTZosites can be undermined by a layer of free carbon underling 
the BN internhase leading to severe impairment of composite oxidative durab y 
a^lntenu^diateTempwatures [1,2], In Hi-Nica,on™/BN/SiC the deleterious Jaym 
nrlainates from excess carbon content of the non-stoichiometnc fiber [ ]• 

examination of some Sylramic™/BN/SiC composites have revealed similar layers 
of elemental carbon on the fiber, resulting in severe 

exhibited by Hi-Nicalon™ composites [1,2], In Sylramic /BN/SiC the carbon 

mav have come from inadequate removal of the fiber sizing during processing [5]. 

S“he carbon source is intrinsic to the system 

from the fiber or a processing step. Thus, the possibility of 

by deleterious free carbon is strong, and its consequences must be considered. 

High-resolution TEM offers an excellent means of resolving the thin carbon layer 
m fueln (< 150 nm thick by most esiunaies [1,5]), but we have ach.eved better 
results with surface-sensitive techniques [6,7], Other workers have used TEM to 
examine SiCVSiC,, composites for adventitious carton: ^ 

T8 91 reported that, in a composite reinforced with Nicalon f 

SoL Cr of c»bon, the carbon coating was found to thicken about an order of 
magnitude's a result of infiltrating the SiC matrix. That lends strong support to 
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our suggestion regarding the origin of free carbon layers in Nicalon™/RN/<;ir 
systems [ I J. Now that interphase integrity is an issued SiC/BN/SiC composes 
it seems prudent to examine each variety of SiC/BN/SiC for free carbon that can ’ 
compromise composite durability. Hence, it is useful to establish simple, mhabTe 
niques or its detection This paper addresses that issue and gives a summarv 
“ Ur rCSU tS for Sylramic ' BN/SiC. Our findings for Hi-Nicalon™/BN/SiC 

composites have been described elsewhere [1,2,6,7], 

PROCEDURE 

The composites in this study were comprised of Sylramic™ (stoichiometric SiC) 

imerphase ,ayerofBN ' in a ’ 

udth Ler^thTt h^H h tW ,° gr0UpS - ° ne *** consisted of samples made 

ith fibers that had been protected with polyvinyl alcohol (PVA) sizing prior to 

-tm * POS1 f P rocessin g’ f he second group with polyethylene oxide (PEO) sizing 
They are hereafter referred to as “PVA” and “PEO” materials. There were two 

0.5” " thC fomi ° f tenS1,e bars > - 

SotvTnH hT Sed m " °' 3 MaCh atmos P he ric- P ressure burner rig for 100 hours at 
800 C and broken in tension, which we have found a reliable screening test for 

sing only water lubrication to avoid contamination by carbon in resin lubricants 

mlohb (Modd 3 H» in , alCOho1 and examined with Ftsons Ins, rumen, 

ncroiao (Model 3 10-F) spectrometer, operating at 2.0 kV the samnles having 

been broken in-situ in the AES chamber to minimize adventitious ^on olhfr 

ools explored in this study included laser raman spectrometiy. 

RESULTS AND DISCUSSION 

Tensile Tests 

AH seven PEO materials exhibited drastic drops of strength and strain to failure 

sh^fToMPa" ,he H IT ng ' ^ aS -“ -^ MenSe 

valued were ‘TT “~ 

decrease m strengib and £ % T 

nlCsuTen 6 " ^"“»™/BN/SiC composites foUo^gS bLer 
ng exposure [U, 6 , 7 ]. In contrast, none of the PVA materials showed significant 
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weakening or embrittlement following exposure. This was the first indication of 
^Important difference between the PVA and PEG sizmg m the durab.hty of 
cir/RN/SiC composites. 


Thre^PK^mmerial^mlone PVA material are used to illustrate some features of 
interest in the microstructures. Fig. 1 is an SEM image of the fracture tmrface o 
PFO material The EDS spectra show that the patch labeled A is bare fiber Si/C 
peak ".Obeing cLracterist.c of SIC), and patch B has an overwhelming 
carbon content. Fig. 2 shows a polished surface from another PEO material. 

(TVI^c'ctadtfing^ntHhe^om^p^nti^^EDS sj^^confum^hatVwtureJ^is 

s&isrjfitSJSKsss? 

layer was observed by SEM/EDS in the PVA materials. 



Fig . l, SEM image and spectra from Sylramic/BN/S,C compos, te with a htgh 
excess of carbon in the interphase. 
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Auger Electron Spectrometry 

h'wha-n* C h 7 POSiteS are de , si 8" ed fOT preferential fracture through the 
interphase. That behavior was exploited to advantage in this study anv carbon 

a>ers present were preferentially exposed on a fracture surface and its signal 

thereby enhanced for detection by surface-sensitive techniques Hence detection 
of interface carbon in SiC/BN/SiC composites by AES is highly reliabt even 
when it is too thin to resolve in cross section Y en 



Fig. 2, SEM images and EDS spectra from polished sections of a PEO composite 

AES offers the advantage of revealing the chemical state of the carbon detected 
so that free carbon is distinguishable from Si-bonded carbon in Sir m Th 

samp es -C have high amounts of elemental carbon, while sample d is free 
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of elemental carbon, being essentially the SiC fiber surface. Further confirmation 
comes from fine-structure details indicated with arrows in the spectra: a shoulder 
or kink in a spectrum at -260 eV is the hallmark of elemental carbon, and its 
absence a clear indication that the carbon is bonded (in this case to Si) [7,10]. 



Fig. 3, AES survey spectra from four different Sylramic™/BN/SiC composites 
showing that free carbon is associated with those materials made with PEO-sized 
fibers (a-c), but not those with PVA-sized fibers (d). 


This result suggests that PEO sizing is more likely than PVA to leave substantial 
residues of deleterious carbon on fibers. This may reflect an intrinsic difference 
between PEO and PVA (such as different char yields upon de-sizing), or merely 
differing amounts of sizing used: Manufacturers’ data show that PEO-sized fibers 
had -2 wt. % sizing, whereas PVA-sized fibers had only -0.2 wt. % of sizing. 
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The amount of residual free carbon observed in the PEO materials varied greatly: 
rom very little in some to substantially thick layers in others. Fig. 4 is an AES 
depth-profile of the fiber coating from the PEO material in Fig 1. The silicon and 
carbon profiles are shown accentuated for comparison. (Profiles of all the other 
constituents lie at the bottom of the chart, close to the detection threshold.) The 
evident 160-nm layer of free carbon is the thickest observed: depth-profiling of 
the other PEO materials indicated the carbon layers to be 15-80 nm deep. 



It was mentioned in Section 3.1 that all seven PEO materials examined exhibited 
severe degradation in the burner rig, while the two PVA materials did not. It 
should be noted that free carbon was detected in all the PEO samples but not in 
the PVA samples. The correlation seems clear: free carbon at the interphase leads 
to severe degradation in the burner rig. The degradation of Sylramic™/BN/SiC is 
similar to what was observed in Hi-Nicalon™/BN/SiC composites. 

An important difference between the two systems is the origin of the offending 
carbon. In Hi-Nicalon ' composites it comes from excess carbon in the fiber, 
while in Sylramic materials the residue of improperly removed (or unsuitable) 
sizing appears to be the source of carbon. In Hi-Nicalon™ systems the carbon 
diffuses from the fiber during matrix infiltration and hence appears uniform and 
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TM 


continuous on the fibers. In contrast, the free carbon on PEO-^Syl^ ^ 
fibers were quasi-continuous, appearing some" Njcalon TM fibers (a) 

fibers. That difference is depicted schematically 1 g- 
and Sylramic™ fibers (b). 

Raman Spectroscopy .. . . ns c sections without success. 

Raman spectrometry was also used on POhshedcrMS • » ion 

interphase. Thus Raman spectrometry proved unsuitable for the 
interfacial carbon in these materials. 


BN 

interphase 


C sublayer 



BN 

interphase 


C sublayer 
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4. 


5. 


SUMMARY AND CONCLUSION 

Element 31 carbon was observed in Sy!ramic™/BN/SiC composites made with 

cTm“ ' eChniqUeS f ° r ^ carbon^em iSN/fr 
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